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(57) ABSTRACT

A connecting system includes an implantable base unit hav-
ing an implantable housing with an externally accessible
magnetic portion and an implantable unit connecting mem-
ber. The implantable base unit is configured to be at least
partially implanted in a subject such that the externally acces-
sible magnetic portion is accessible from an external region of
the subject. An interface unit is releasably coupled to the
implantable base unit. The interface unit has an interface
housing with an interface magnetic portion and an interface
unit connecting member. The interface magnetic portion is
configured to engage the externally accessible magnetic por-
tion of the implantable base unit to mechanically couple the
implantable unit connecting member and the interface unit
connecting member.

15 Claims, 16 Drawing Sheets
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IMPLANTABLE CONNECTOR SYSTEMS
HAVING MAGNETIC PORTIONS THEREON
AND RELATED METHODS

RELATED APPLICATIONS

This applications claims priority to U.S. Provisional Appli-
cation Ser. No. 61/365,508, filed Jul. 19, 2010, the disclosure
of which is incorporated by reference in its entirety.

GOVERNMENT RIGHTS

This invention was made with Government support under
agreement number SR21EY018159-02, awarded by the
National Eye Institute. The Government has certain rights in
the invention.

FIELD OF THE INVENTION

The present invention relates to implantable connectors,
and in particular, connectors that connect implantable cannu-
las or electrical devices to external devices.

BACKGROUND

Optogenetics is a promising new technique in neuro-
science, combining optical and genetic techniques to probe
neural circuits. It relies on microbial opsins, light sensitive
proteins, to manipulate the activity of neurons in response to
flashes of light. New genetic techniques developed in parallel
allow neuroscientists the ability to select specific types of
neurons for optogenetic control. By perturbing the activity of
specific neurons in live animals, neuroscientists can deter-
mine the role that the neurons play in the expression of behav-
ior. In addition, optogenetic techniques developed to study
the brain in the lab may be useful in treating a wide range of
neurological disorders in the clinic. In order to move optoge-
netics from the proof-of-principle stage to routine use in the
lab and the clinic, a set of optimized techniques and equip-
ment need to be developed.

In order to optically stimulate the brain of freely moving
animals, drug delivery cannula systems have been re-pur-
posed to allow an optical fiberto pass through a guide cannula
that is implanted through the skull of the animal. The guide
cannula is typically connected to a pedestal, which is
mounted on the head of the animal using a screw interface,
cranioplastic cement, dental cement and/or other bonding
materials. Threading or clips may be used to attach the guide
cannula to an external device. The screw type connection
used to hold the fiber in place in these systems does not allow
for free rotation and can be difficult to connect to un-anaes-
thetized animals. Optical fibers are more fragile than the fluid
delivery cannula these systems were designed for and as a
result, fiber breakage is a common problem. In addition, the
guide cannula is open to the brain, allowing the entry of blood
and fluid into the cannula and bacterial contamination into the
brain from external sources. With chronic stimulation,
repeated insertion and withdrawal of the fiber and dummy
plug can damage the brain structure under study.

In addition, neurophysiologists have used acute single
electrode recordings in anesthetized animals to study neurons
in the brain. More recently, chronic multi-electrode record-
ings in awake, behaving animals have been used due, in part,
to the realization that many neural systems behave very dif-
ferently in the anesthetized brain. Neuro-engineers first hand-
builtelectrode assemblies, and as the technique gained accep-
tance, several companies (such as Plexon, Inc., Dallas, Tex.,
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U.S.A.) have commercialized multi-electrode assemblies and
equipment. A significant enhancement in the quality of
chronic recordings came with the invention of headstage
amplifiers. These tiny printed circuits may be situated directly
onthe head ofthe animal to boost and condition neural signals
prior to sending them through a cable to the main amplifiers.
Headstage amplifiers may be used to interface high imped-
ance electrodes with low impedance cables and also to boost
gain. Thus, headstages are now standard equipment for
chronic recording experiments. However, the connectors that
are typically used to connect the headstage to the implanted
electrodes may be highly susceptible to the stresses of head
movement in an awake animal despite being small and light-
weight. Thus, when the connector flexes, the electrical con-
tacts may move and generate noise which overwhelms the
neural signal. For studying behavioral tasks that may involve
movement, the noise may be a significant problem to obtain-
ing useful data.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

In some embodiments, a connecting system includes an
implantable base unit having an implantable housing with an
externally accessible magnetic portion and an implantable
unit connecting member. The implantable base unit is con-
figured to be at least partially implanted in a subject such that
the externally accessible magnetic portion is accessible from
an external region of the subject. An interface unit is releas-
ably coupled to the implantable base unit. The interface unit
has an interface housing with an interface magnetic portion
and an interface unit connecting member. The interface mag-
netic portion is configured to engage the externally accessible
magnetic portion of the implantable base unit to mechanically
couple the implantable unit connecting member and the inter-
face unit connecting member.

In some embodiments, the implantable unit connecting
member comprises an implantable cannula configured to
receive the interface unit connecting member therein.

In some embodiments an implantable optical fiber is in the
implantable cannula. The implantable optical fiber may be
configured to optically stimulate a portion of a brain of the
subject. The interface optical fiber is configured to connect to
an external light source and to provide a light passageway for
light from the external light source to the implantable optical
fiber. In some embodiments, an interface optical fiber is in the
interface cannula and is configured to transmit light to the
implantable optical fiber when the interface unit is connected
to the implantable unit.

In some embodiments, an implantable optical interface,
window, or lens is mounted on the terminal end of the
implanted cannula.

In some embodiments, the interface unit is rotatably
coupled to the implantable base unit by the interface magnetic
portion and the externally accessible magnetic portion.

In some embodiments, a buffer member is on the interface
unit and is configured to provide a buffer region around the
interface magnetic portion and the externally accessible mag-
netic portion.

In some embodiments, the implantable cannula is config-
ured to receive a fluid therein.

In some embodiments, the implantable base unit further
comprises an implantable electrode assembly configured to
be implanted in or adjacent to neural tissues in the subject,
and the interface unit further comprises an external electrode
assembly configured to electrically connect to the implant-
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able electrode assembly when the interface magnetic portion
engages the externally accessible magnetic portion of the
implantable base unit.

In some embodiments, the implantable housing comprises
a first implantable housing, the externally accessible mag-
netic portion comprises a first magnetic portion, the implant-
able unit connecting member comprises a first implantable
unit connecting member, the interface housing comprises a
first interface housing, the interface magnetic portion com-
prises a first interface magnetic portion and the interface unit
connecting member comprises a first interface unit connect-
ing member. The implantable base unit may include a second
implantable housing with a second externally accessible
magnetic portion and a second implantable unit connecting
member. The interface unit may include a second interface
housing with a second interface magnetic portion thereon and
a second interface unit connecting member. The second inter-
face magnetic portion may be configured to engage the sec-
ond externally accessible magnetic portion of the implantable
base unit to mechanically couple the second implantable unit
connecting member and the second interface unit connecting
member.

In some embodiments, implantable electrode assembly is
mounted on the implantable unit between the first and second
implantable unit connecting members and the external elec-
trode assembly is mounted on the interface unit between the
first and second interface unit connecting members.

The first and second implantable housings may be rigidly
connected. The first and second interface housings may be
rigidly connected. The external electrode assembly may
include an amplifier.

In some embodiments, a connection method includes pro-
viding an implantable base unit having an implantable hous-
ing with an externally accessible magnetic portion and an
implantable unit connecting member. An interface unit hav-
ing an interface housing with an interface magnetic portion
and an interface unit connecting member is provided. The
externally accessible magnetic portion of the implantable
base unit is engaged with the interface magnetic portion to
couple the implantable unit connecting member and the inter-
face unit connecting member. The implantable base unit is
configured to be at least partially implanted in a subject such
that the externally accessible magnetic portion is accessible
from an external region of the subject.

In some embodiments, a connection method includes
implanting an implantable base unit in a subject. The implant-
able base unit has an implantable housing with an externally
accessible magnetic portion and an implantable unit connect-
ing member. The externally accessible magnetic portion is
accessible from an external region of the subject. An interface
unit is connected to the implantable unit. The interface unit
has an interface housing with an interface magnetic portion
and an interface unit connecting member. The interface mag-
netic portion engages the externally accessible magnetic por-
tion of the implantable base unit to mechanically couple the
implantable unit connecting member and the interface unit
connecting member.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention and, together with the description,
serve to explain principles of the invention.

FIG. 1 is a cross-sectional view of connecting systems
according to some embodiments of the invention.
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FIG. 2 is a cross-sectional side view of a magnetic con-
necting system connected to a light source according to some
embodiments of the invention.

FIG. 3A is a cross-sectional side view of an implantable
base unit of a connecting system according to some embodi-
ments of the invention.

FIG. 3B is a cross-sectional side view of an interface unit
that is configured to releaseably connect to the implantable
base unit of FIG. 3A to form a connecting system according
to some embodiments of the invention.

FIG. 3C is a top view of the implantable base unit of FIG.
3A.

FIG. 3D is a top view of the interface unit of FIG. 3B.

FIG. 3E is a cross-sectional side view of the implantable
base unit of FIG. 3A connected to the interface unit of FIG.
3B.

FIG. 4A is a cross-sectional side view of an implantable
base unit of a connecting system according to some embodi-
ments of the invention.

FIG. 4B is a cross-sectional side view of an interface unit
that is configured to releaseably connect to the implantable
base unit of FIG. 4A to form a connecting system according
to some embodiments of the invention.

FIG. 4C is a top view of the implantable base unit of FIG.
4A.

FIG. 4D is a top view of the interface unit of FIG. 4B.

FIG. 4E is a cross-sectional side view of the implantable
base unit of FIG. 4A connected to the interface unit of FIG.
4B.

FIG. 5A is a cross-sectional side view of an implantable
base unit of a connecting system according to some embodi-
ments of the invention designed for fluid delivery.

FIG. 5B is a cross-sectional side view of an interface unit
that is configured to releaseably connect to the implantable
base unit of FIG. 5A to form a connecting system according
to some embodiments of the invention.

FIG. 5C is a top view of the implantable base unit of FIG.
5A.

FIG. 5D is a top view of the interface unit of FIG. 5B.

FIG. 5E is a cross-sectional side view of the implantable
base unit of FIG. SA connected to the interface unit of FIG.
5B.

FIG. 6A is a cross-sectional side view of an implantable
base unit of a connecting system according to some embodi-
ments of the invention.

FIG. 6B is a cross-sectional side view of an interface unit
that is configured to releaseably connect to the implantable
base unit of FIG. 6A to form a connecting system according
to some embodiments of the invention.

FIG. 6C is a top view of the implantable base unit of FIG.
6A.

FIG. 6D is a top view of the interface unit of FIG. 6B.

FIG. 6E is a cross-sectional side view of the implantable
base unit of FIG. 6A connected to the interface unit of FIG.
6B.

FIG. 7A is a cross-sectional side view of an implantable
base unit of a connecting system according to some embodi-
ments of the invention.

FIG. 7B is a cross-sectional side view of an interface unit
that is configured to releaseably connect to the implantable
base unit of FIG. 7A to form a connecting system according
to some embodiments of the invention.

FIG. 7C is a top view of the implantable base unit of FIG.
7A.

FIG. 7D is a top view of the interface unit of FIG. 7B.
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FIG. 7E is a cross-sectional side view of the implantable
base unit of FIG. 7A connected to the interface unit of FIG.
7B.

FIG. 8A is a cross-sectional side view of an implantable
base unit and a protective cover in an closed configuration
according to some embodiments of the present invention.

FIG. 8B is a side view of an extraction tool for removing the
protective cover of FIG. 8A.

FIG. 8C is a top view of the protective cover of FIGS.
8A-8B.

FIGS. 9A-9B are digital images of a side view of a con-
necting system according to some embodiments of the cur-
rent invention in a connected position (FIG. 9A) and in a
released position (FIG. 9B).

FIGS. 10A-10B are digital images of the connecting sys-
tem of FIGS. 10A-10B illustrating an end view of the optical
fiber output (FIG. 10A) and a top and bottom view of the
implantable base unit and interface unit (FIG. 10B).

FIG.10C is a digital image of an external device, such as an
LED, that is connected via the connecting system of FIGS.
7A-7B.

FIGS. 11A-11B are digital images of the connecting sys-
tem of according to some embodiments illustrating an end
view of the optical window mounted on the implantable con-
nector as depicted in FIGS. 6A-6E.

FIGS. 12A-12D are digital images of the connecting sys-
tem of according to some embodiments illustrating the
implantable device (FIG. 12A), the device with the protective
cap (FIG. 12B) and magnetic extraction tool (FIG. 12C),
which may be used to remove the cap (FIG. 12D), which is
also illustrated in FIGS. 8A-8C.

FIG. 13 is a cross sectional view of a connecting system for
securing a device in an open configuration according to some
embodiments.

FIG. 14 is a cross sectional view of the connecting system
of FIG. 13 in which the implantable base unit is connected to
the interface unit.

FIG.15A is a perspective view of the external interface unit
of the connecting system of FIG. 13.

FIG. 15B is a front view of the external interface unit of the
connecting system of FIG. 13.

FIG. 15C is a top view of the external interface unit of the
connecting system of FIG. 13.

FIG. 15d is a side perspective view of the external interface
unit of the connecting system of FIG. 13.

FIGS. 16A-16B are digital images of the implantable unit
of the connecting system of FIG. 13 implanted in an animal.

FIG. 16C is a digital image of the connecting system of
FIG. 13 implanted in an animal.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The present invention now will be described hereinafter
with reference to the accompanying drawings and examples,
in which embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art.

Like numbers refer to like elements throughout. In the
figures, the thickness of certain lines, layers, components,
elements or features may be exaggerated for clarity.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
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6

limiting of the invention. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of'stated features, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. As used herein, phrases such as
“between X and Y” and “between about X and Y” should be
interpreted to include X andY. As used herein, phrases such as
“between about X and Y™ mean “between about X and about
Y As used herein, phrases such as “from about X to Y’ mean
“from about X to about Y.”

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the specifica-
tion and relevant art and should not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein. Well-known functions or constructions may not be
described in detail for brevity and/or clarity.

It will be understood that when an element is referred to as
being “on,” “attached” to, “connected” to, “coupled” with,
“contacting,” etc., another element, it can be directly on,
attached to, connected to, coupled with or contacting the
other element or intervening elements may also be present. In
contrast, when an element is referred to as being, for example,
“directly on,” “directly attached” to, “directly connected” to,
“directly coupled” with or “directly contacting” another ele-
ment, there are no intervening elements present. It will also be
appreciated by those of skill in the art that references to a
structure or feature that is disposed “adjacent” another feature
may have portions that overlap or underlie the adjacent fea-
ture.

Spatially relative terms, such as “under,” “below,” “lower,”
“over,” “upper” and the like, may be used herein for ease of
description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures.
It will be understood that the spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is inverted,
elements described as “under” or “beneath” other elements or
features would then be oriented “over” the other elements or
features. Thus, the exemplary term “under” can encompass
both an orientation of “over” and “under.” The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly. Similarly, the terms “upwardly,” “down-
wardly,” “vertical,” “horizontal” and the like are used herein
for the purpose of explanation only unless specifically indi-
cated otherwise.

It will be understood that, although the terms “first,” “sec-
ond,” etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
Thus, a “first” element discussed below could also be termed
a “second” element without departing from the teachings of
the present invention. The sequence of operations (or steps) is
not limited to the order presented in the claims or figures
unless specifically indicated otherwise.
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As used herein, the term “implant” refers to fixing a medi-
cal device on or in a subject’s body. Thus, an “implantable”
device may be partially implanted or may be fixed to an
external portion of the subject’s body such that all or a portion
of the device is positioned on the exterior of the subject’s
body. For example, in some embodiments, an “implantable”
device may be affixed to the skull, and an “implantable”
connecting member (such as a cannula, socket or post or other
interlocking configuration) may be connected to an implant-
able device with or without actually extending into the sub-
ject’s body. In some embodiments, portions of the device may
be formed of a biocompatible material.

Embodiments according to the present invention may be
used with veterinary and human subjects. Subjects may
include human or non-human animal subjects, particularly
mammalian subjects such as canines, felines, bovines,
caprines, equines, ovines, porcines, rodents (e.g., rats and
mice), lagomorphs, non-human primates, etc., for, e.g., medi-
cal, veterinary medical and/or laboratory research purposes.

As illustrated in FIG. 1, connecting systems 100 may be
partially implanted, e.g., through a skull 10 and on or in a
brain 20 of a subject. As shown, the connecting system 100
includes an implantable base unit 110 and an interface unit
130.

As illustrated in FIGS. 1-7, the implantable base unit 110
includes an implantable housing 112 having an externally
accessible magnetic portion 114 thereon. An implantable
cannula 116 extends through the housing 112. The implant-
able base unit 110 is configured to be at least partially
implanted in a subject such that a portion of the implantable
cannula 116 extends into the subject as shown in FIG. 1, and
the externally accessible magnetic portion 114 is accessible
from an external region of the subject. As further shown in
FIG. 1, the implantable housing 112 is surgically implanted
and affixed to the skull 10 by surgical fasteners, such as
screws 106, and/or biocompatible adhesive such as dental
cement 108. The interface unit 130 is releasably coupled to
the implantable base unit 110.

As shown in FIGS. 1-6, the interface unit 130 includes an
interface housing 132 having an interface magnetic portion
134 thereon. An interface cannula 136 extends through the
housing 132. The interface magnetic portion 134 is of a polar-
ity that is opposite the magnetic portion 114 such that the
interface magnetic portion 134 attracts and engages the exter-
nally accessible magnetic portion 114 of the implantable base
unit 110. As shown in FIGS. 3A-3B and in FIGS. 4A-4B, the
interface unit 130 may be removed from the cooperating
housing 112 of the implantable unit 110. As shown in FIG. 3E
and FIG. 4E, the interface magnetic portion 134 and the
externally accessible magnetic portion 114 may form a mag-
netic connection to couple the interface unit 130 and the
implantable unit 110. As illustrated, the implantable cannula
116 and the interface cannula 136 are coupled to form a
generally continuous cannula from the interface unit 130 to
the implantable unit 110 when the interface unit 130 and the
implantable unit 110 are connected as shown in FIGS. 1, 2,
3E, 4E, 5E, and 6E.

Connecting systems according to embodiments of the
present invention may be used for a variety of applications.
For example, the implantable cannula 116 and interface can-
nula 136 may be used to insert an optical fiber as described
herein and as illustrated by an optical fiber 120 in FIGS. 1, 2,
3A-3E, and 6A-6E and optical fibers 120A, 120B in FIGS.
4A-4E and 7A-7E. In some embodiments, the implantable
cannula 116 and interface cannula 136 may be used for fluid
delivery systems, such as a drug delivery system. As shown in
FIGS. 5A-5E, a fluid delivery tube 122 may be used to deliver
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fluid to the subject via the implantable cannula 116. The fluid
delivery tube 122 may be connected to a fluid source, which
may include an active agent such as a therapeutic agent or
drug (not shown). As shown in FIGS. 5A-5E, a sealing mem-
ber 115, such as an O-ring, may be used to provide a seal
around the implantable cannula 116 to facilitate fluid flow and
reduce leakage. Accordingly, the implantable cannula 116
may be used to transport fluid to a subject, such as in a drug
delivery system, and the sealing member 115 provides a fluid
seal between the implantable cannula 116 and the interface
cannula 136, which contains or connects to the flexible fluid
delivery tubing 122.

The implantable cannula 116 may be accessible to an exter-
nal device (such as a fluid source for a fluid delivery system or
a light source for optical probes as typically used in optoge-
netics research) via the interface unit 130 and interface can-
nula 136. When access to the implantable cannula 116 is not
needed, the interface unit 130 may be removed. In addition,
the externally accessible magnetic portion 114 and the inter-
face magnetic portion 134 may permit generally free rotation
of the interface unit 130 with respect to the implantable unit
110. In some embodiments, a lubricant, such as petroleum
jelly, may be used to facilitate rotation of the interface unit
with respect to the implantable unit 110. Thus, the subject in
which the implantable unit 110 is implanted may move with
increased freedom with respect to any connections to the
interface cannula 136, such as fluid passageways or fiber
optics that may be connected to the cannula 136.

In some embodiments, as shown in FIG. 6A, the implant-
able unit 110 includes an implantable cap or window 118,
which serves as a barrier for reducing infection and/or fluid
flow. The cap 118 may be formed of a transparent material,
such as glass or polymeric material, and may facilitate the
optical transmissions of the optical fiber 120 to the brain 20 as
shown in FIG. 1. As shown in FIG. 6 A-6FE, the optical fiber
120 may be attached to the interface unit 110 and inserted into
the implantable unit 130. The implantable cap may also be a
micro-lens which serves to modify the optical path and
change the area of illumination.

The cannulas 116, 136 may be used for various medical
and/or research applications in animal or human subjects,
such as implantable optical fibers, fluid delivery systems (e.g.
microdialysis probes), drug delivery devices, and/or for the
delivery or removal of a fluid. For example, in some embodi-
ments, a light guide or optical fiber 120 is provided in the
cannulas 116, 136. As illustrated in FIG. 2, a light source,
such as an LED emitter 150 may be coupled to the outer end
of the interface fiber 120 via an LED connector 100' so that
light from the LED emitter 150 may be transmitted from the
LED emitter, through the optical fiber and directed into the
subject, such as into the cortical region 22 or deep structure
regions 24. As shown in FIG. 2, the LED connector 100'
includes an LED source unit 110' and an interface unit 130’
having respective magnetic portions 114", 134' and cannula
116', 136' for contacting the optical fiber 120" to the LED
emitter 150. The LED source unit 110' is connected to a
housing 150A of the LED emitter 150. In this configuration,
the interface unit 130' is releasably connected to the LED
source unit 110' via the magnetic portions 114', 134' so that
the interface unit 130" may be connected to different ones of
a plurality of LED emitters (not shown) to provide, e.g.,
different LED sources of different wavelengths. The light
from the LED emitter 150 is transmitted via the optical fiber
120 to the implantable connector 100, which is implanted in
the subject as shown in FIG. 2.

Although the LED emitter 150 is illustrated with respect to
the housing 150A and LED connector 100, it should be
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understood that any suitable light source may be used, and the
light source may be coupled to the optical fiber 120 using any
suitable coupling technique, the selection of which is known
to those of skill in the art.

Asillustrated in FIGS. 1-2, the connection system 100 may
be used to provide an implantable optical fiber, for example,
for optogenetic research in which light-sensitive agents such
as microbial opsins are used to manipulate the activity of
neurons in living animals in response to flashes of light. The
implantable unit 110 is chronically implanted in the brain of
a research subject as shown in FIG. 1, and the interface unit
130 is releasably connected thereto. Moreover, the interface
unit 130 may rotate with respect to the implantable unit 110 to
reduce twisting of an optical fiber extending from the inter-
face unit 130 and away from the subject. In some embodi-
ments, a buffer material may be used to reduce the likelihood
of'or prevent the magnet from coming into contact with exter-
nal ferromagnetic materials, e.g., on the outside of the inter-
face unit 130 to reduce the magnetic attachment in the region
around the interface unit 130 to reduce or prevent the implant-
able unit 110 and interface unit 130 from being magnetically
attracted to objects other than the magnetic portions 114, 134.

In some embodiments, the implantable cannula 116
extends to the cortical region 22 of the brain 20 for optical
stimulation of the cortical region via an optical fiber 120.
However, the implantable cannula 116 may be sized and
configured for access to any desired region. For example, in
some embodiments as shown in FIG. 1, the implantable can-
nula 116 is sized and configured for accessing deep structure
regions 24 of the brain 20. As illustrated, an implantable fiber
120A is contained within the implantable cannula 116.

Although embodiments of the present invention are illus-
trated herein with respect to implantable cannulas positioned
in or near the brain, it should be understood that the implant-
able cannula 116 may be attached to bony structures such as
the skull and spinal cord, or sutured or otherwise attached to
the skin for access to organs such as the heart, kidney, liver, or
lungs, or for arterial and venous cannulation.

In some embodiments, optical fibers may be provided in
both the implantable base unit 110 and the interface unit 130.
As illustrated in FIG. 4A-4E and FIGS. 7A-7E, the implant-
able base unit 110 may include an implantable optical fiber
120A, and the interface unit 130 may include an interface
optical fiber 120B. In this configuration, the optical fiber
120A is implanted in the subject, and the optical fiber 120B is
configured to optically couple to the optical fiber 120A, as
shown in FIG. 4K, for light transmission. As illustrated in
FIGS. 8A-8C, a protective cover or cap 200 may be used
when the interface unit 130 is not being used to connect the
implantable cannula 116 to another device. The protective
cap 200 may include a buffer 212 (e.g., a buffer formed from
plastic or other non-magnetic material) with a magnetic or
ferromagnetic metal portion 214 and an insert 216. As shown
in FIG. 8B, the magnetic portion 214 forms a magnetic con-
nection with the magnetic portion 114 of the implantable unit
110, and the insert 216 is configured to be inserted into the
implantable cannula 116. As shown in FIG. 8C, the protective
cap 200 may be removed from the implantable unit 110 with
an extraction tool 300, e.g., so that the interface unit 130 may
be connected to the implantable unit 110. The extraction tool
300 includes strong extraction magnets 302 that are con-
nected to the protective cap magnet or other ferromagnetic
material 212 and a handle 304 (e.g., a handle formed from
plastic or other non-magnetic material) for withdrawing the
cap 200 from the implantable unit 110. Accordingly, the
interface unit 130 may be removed from the implantable base
unit 110 and the removable cap 200 is positioned in the
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implantable base unit 110 such that the implantable cannula
116 is covered by the cap 200. As illustrated, the portion 214
is accessible to the strong extraction magnet 302, which is
sufficiently strong so as to engage the portion 214 and to
remove the cap 200 when the extraction tool 300 is moved
away from the implantable base unit 110.

Although embodiments according to the present invention
are illustrated with respect to the cap 200 and extraction tool
300, it should be understood that other configurations may be
used. For example, the cap 200 may include any suitable
feature, such as an aperture, that is configured to mate with a
corresponding feature, such as a hook, on the extraction tool
300.

Although embodiments according to the present invention
are illustrated with respect to an interface unit 130 that is
inserted into and received in a housing 112 of the implantable
unit 110, it should be understood that other configurations
may be used. For example, the implantable unit 110 and the
housing 132 of the interface unit 130 may be configured so
that the implantable unit 110 is received in the housing 132 of
the interface unit 130 without departing from the scope of the
invention. The magnetic portions 114, 134 and 214 may be
formed of ring-shaped neodymium magnets; however, other
permanent or temporary magnetic materials may be used.
Moreover, other suitable shapes of magnetic portions may be
used.

As shown in FIGS. 4A-4E and FIGS. 7A-7E, the optical
fibers 120A, 120B may be aligned using precision manufac-
turing. However, typical tolerances of commercially avail-
able stainless steel hypodermic tubing, which may be used to
provide the cannula 116, 136, may not be sufficiently small so
as to ensure perfect centering and coupling of the ends of the
optical fibers 120A, 120B. In some embodiments, the inter-
face optical fiber 120B may be larger than the implantable
optical fiber 120A so that, even if the optical fibers 120A,
120B are not in perfect alignment, sufficient light is transmit-
ted due to increased output intensity at the tip of the interface
optical fiber 120B. In some embodiments, a magnetic couple
may be provided that allows for manual rotation, but will lock
into a connected position at a particular position or angle, e.g.,
as shown in FIGS. 7A-7E, so that the position of the interface
unit 130 may be fixed with respect to the implantable unit 110.

For example, as illustrated in FIGS. 7A-7E, circular-
shaped magnetic portions 114A, 114B and 134A, 134B may
be used, such as when rotation of the interface unit 130 with
respect to the implantable unit 110 is not generally desired or
is desired only with manual rotation. As shown, the magnet
portions 114A, 114B are of opposite polarity, and the mag-
netic portions 134A, 1348 are of opposite polarity such that
the magnetic portion 114A is magnetically attracted to the
magnetic portion 134A (but is repelled by the magnetic por-
tion 134B) and the magnetic portion 114B is magnetically
attracted to the magnetic portion 134B (but is repelled by the
magnetic portion 134A). In this configuration as shown in
FIGS. 7A-7E, the position of the interface unit 130 and the
implantable unit 110 will generally lock in the position shown
in FIG. 7E, and the interface unit 130 is rotatable with manual
rotation. Accordingly, the optical fibers 120A, 120B may be
aligned during the manufacturing process with respect to the
fixed angle, which may require a lower degree of precision
manufacturing than if full rotational movement is allowed.

In some embodiments, the cannulas 116, 136 may be sized
and configured for a specific size of optical fiber, for example,
to accommodate optical fibers with a diameter of about 100
um to about 1 mm. The cannulas may be formed of any
suitable material, including stainless steel or other biocom-
patible materials. The implantable unit 110 and/or interface
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unit 130 may be formed of materials that are compatible with
sterilization solutions, such as ethylene-oxides. The pull
strengths of the magnetic portions 114, 136, 114A, 114B,
134A and 134B may be selected to allow for ease and/or
speed of connection and disconnection while maintaining a
sufficiently secure connection during use, typical pull
strengths are around 0.36 1bs/in® or between about 0.4 and
about 0.5 Ibs/in®.

Although embodiments according to the present invention
are described herein with respect to an implantable unit 110
and an interface unit 130, the magnetic connector units may
be configured for other applications, such as on hand held
devices, including disposable light delivery probes for hand-
held light sources in medical and dental uses, fluid carrying
lines, etc. For example, a plurality of female connectors
analogous to the implantable unit may be positioned in a
chemical reaction manifold, and a user may take multiple
spectroscopic readings using a magnetically mating handheld
device that magnetically connects to the female connectors.
The connectors according to embodiments of the present
invention may also be used to chronically deliver drug or
biologicals to the brain or other organs.

Embodiments according to the invention may facilitate the
placement or connection of fiber optics, and such systems
may also be used with fiber bundles (i.e., IGN-06/17, Sumi-
tomo Electric Industries), for chronic endoscopic imaging of
brain tissue or other organs. In addition the guide cannula and
connector may be used to record electroencephalograph
(EEG) signals from the brain or combined with traditional
implanted recording electrodes to monitor ongoing brain
activity from both single neurons and populations.

Images of a connector system for use with an optical fiber
are shown in FIGS. 9-11. FIGS. 12A-12D illustrates the
implantable device (FIG. 12A), the device with the protective
cap (FIG. 12B) and magnetic extraction tool (FIG. 12C),
which may be used to remove the cap (FIG. 12D).

In addition, the connectors according to embodiments of
the present invention may be used to hold and secure other
implantable devices, such as probes or multielectrode head-
stage connectors. In some embodiments, an implantable can-
nula and an interface cannula may provide a mechanical
connection and the implantable cannula does not necessarily
provide access to brain or neural tissues. In some embodi-
ments, the implantable cannula/interface cannula may be
configured as any suitable mechanically coupled configura-
tion, such as a post/socket connection or other interlocking
configuration that may or may not provide a tubular interface
or connection, for example, for fiber optics, electrodes or fluid
delivery as described herein. Thus, embodiments according
to the present invention may provide a combined magnetic
and mechanical connection. The post and socket connection
described herein may have a circular cross section to allow
rotation of the post within the socket; however, in some
embodiments, an asymmetrical cross section may be used so
that the post fits into the socket in a single orientation. More-
over, in some configurations, the post may be tapered so that
the distal end of the post, which is the first portion of the post
inserted into the socket, has a smaller diameter than the proxi-
mal to facilitate ease of insertion while providing a tighter fit
at a wider portion of the post. Other interlocking configura-
tions may include mechanical clips, hooks, snaps or other
mechanically interlocking configurations.

For example, as illustrated in FIGS. 13-14, an implantable
base unit 410 and interface unit 430 are shown. The base unit
410 includes an implantable electrode assembly 450 and the
interface unit 430 includes an external electrode assembly
460. The electrode assemblies 450, 460 may be a custom or
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commercially available electrode assembly for measuring
neurological electrical signals in animals. For example, the
implantable electrode assembly 450 may include electrodes
452 that are implanted in or adjacent the brain, other neural
tissues (such as the cortex, spinal cord, peripheral nerves), or
other tissue from which an electrical signal may be sensed
(such as cardiac tissue) and an externally accessible electrode
connectors 454. The external electrode assembly 460 may
include an amplifier 462 that is configured to amplify the
electrical signals from the electrode lines 452, which may be
relatively small (such as millivolts), electrical connectors 464
and a cable 466. As illustrated, the connectors 464 are con-
nector pins that are configured to be received in the connec-
tors 453; however, any suitable electrical connector may be
used.

In some embodiments, the electrode assemblies 450, 460
may be commercially available assemblies, such as head-
stages that are available from Plexon, Inc. (Houston, Tex.,
U.S.A)), Triangle BioSystems, Inc. (Durham, N.C., U.S.A),
Tucker Davis Technologies (Alachua, Fla., U.S.A.), or Neu-
ralynx (Bozeman, Mont., U.S.A.) and/or electrical connec-
tors, such as are available from Omnetics Connector Corpo-
ration (Minneapolis, Minn., U.S.A.). However, it should be
understood that any suitable electrical connector may be
used, including custom electrical connectors. The cable 466
may be connected to an additional amplifier and/or a data
acquisition unit for acquiring and analyzing the signals from
the electrode assemblies 450, 460, such as those available
from Plexon, Inc. (Houston, Tex., U.S.A.), Triangle BioSys-
tems, Inc. (Durham, N.C., U.S.A.), Tucker Davis Technolo-
gies (Alachua, Fla., U.S.A.), DataWave Technologies (Love-
land, Colo., U.S.A.), A-M Systems (Sequim, Wash., U.S.A.)
or Neuralynx (Bozeman, Mont., U.S.A).

The implantable base unit 410 includes two implantable
housings 412, each having an externally accessible magnetic
portion 414 thereon. An implantable, elongated connecting
member or socket 416 extends through the housing 412. The
implantable base unit 410 is configured to be at least partially
implanted in a subject such that the unit 410 is affixed to the
skull, and the externally accessible magnetic portion 414 is
accessible from an external region of the subject. As further
shown in FIG. 13, the implantable base unit 410 and the
housings 412 are surgically implanted and affixed to the skull
10 by surgical fasteners, such as screws 406, and biocompat-
ible adhesive such as dental cement 408. As illustrated, the
housings 412 are embedded in the cement 408; however, it
should be understood that any suitable configuration may be
used to affix the housings 412 to the skull. For example, the
housings 412 and the cement 408 may be provided as a single
unitary member. The interface unit 430 is releasably coupled
to the implantable base unit 110.

As shown in FIGS. 13-14, the interface unit 430 includes
aninterface housing 432 having an interface magnetic portion
434 thereon. An interface elongated, connecting member or
post 436 extends through the housing 432. The interface
magnetic portion 434 is of a polarity that is opposite the
magnetic portion 414 such that the interface magnetic portion
434 attracts and engages the externally accessible magnetic
portion 414 of the implantable base unit 410. As shown in
FIG. 13, the interface unit 430 may be removed from the
cooperating housing 412 of the implantable unit 410. As
shown in FIG. 14, the interface magnetic portion 434 and the
externally accessible magnetic portion 414 may form a mag-
netic connection to couple the interface unit 430 and the
implantable unit 410. As illustrated, the implantable socket
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416 and the interface post 436 are coupled to form a mechani-
cal connection for connecting the interface unit 430 and the
implantable unit 410.

In some embodiments, the posts 436 are each formed of a
21 gauge stainless steel wire with a beveled tip, and the
sockets 416 are 18 gauge cannulas that are sealed at one end
which faces away from the interface unit 430. However the
posts 436 and sockets 416 may be any suitable size.

In this configuration, the externally accessible magnetic
portion 414 of the implantable unit 410 and the interface unit
magnetic portion 434 may connect the implantable unit 410
and the interface unit 430, and the sockets 416 and posts 436
may provide additional mechanical stability to the electrode
assemblies 450, 460. The magnetic portions 414, 434 may
also provide additional mechanical stability while also per-
mitting the user to disconnect the interface unit 430 from the
implantable unit 410 as desired. In some embodiments, the
increased mechanical stability may result in a reduction in
noise from the electrode assembly 460, and the electrode
assemblies 450, 460 may be used for chronic neuro-electrical
readings. It should be understood that the housings 412, 432
and the magnetic portions 414, 434 may be configured, for
example, as illustrated in FIGS. 1-8 with respect to the hous-
ings 112, 132 and magnetic portions 114, 134. Moreover, the
implantable base unit 410 may be provided with a pair of
protective caps (such as is shown in FIG. 8A) and an extrac-
tion tool (such as the extraction tool 300 shown in FIG. 8B)
for removing the protective cap. The protective cap may be
used to protect the implantable unit 410 when the interface
unit430 is not in use or connected to the implantable unit 410.

Although embodiments are described above with respect
to the sockets 416 and posts 436, it should be understood that
any suitable mechanically interlocking configuration may be
used. In some embodiments, the implantable unit 410 may
include a protruding post and the interface unit 430 may
include a cannula for receiving the protruding post. More-
over, although the posts 436 are illustrated as having a solid
cross section, it should be understood that the posts 436 may
be hollow. In some embodiments, a fiber optic or fluid can-
nula may be used for the post 436, for example, for optoge-
netics studies, disposable light delivery probes for handheld
light sources in medical and dental uses, fluid carrying lines,
e.g., for chronic drug or biological delivery to the brain or
other organs. Thus, the sockets 416 and posts 436 may be used
to provide a cannula with access to the brain or other internal
tissue as well as to provide mechanical stability to the elec-
trode assemblies 450, 460.

In some embodiments, the two housings 412 of the
implantable unit 410 may be provided as a single, unitary
housing and/or the housings 432 of the interface unit 430 may
be provided as a single, unitary housing. In some embodi-
ments, the sockets 416 may be rigidly connected to one
another by the housings 412 and the posts 436 may be rigidly
connected to one another by the housing 432, e.g., for struc-
tural stability.

Embodiments according to the present invention will now
be described with respect to the following non-limiting
example.

EXAMPLE

90-day old Long Evans rats were used for chronic brain
inactivation experiments. All procedures were performed in
accordance with ACUC guidelines. Under anesthesia, after
incision, a small (~1 mm) craniotomy was made and two skull
screws were placed adjacently. The dura was reflected and 1
ul of viral vector was injected through the dura into the cortex
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with a pulled-glass pipet. The pipet was withdrawn and the
magnetic connector with cap was lowered into place so that
the glass window rested on the surface of the dura. Gel-foam
was used to cover any exposed surfaces within the cran-
iotomy. Dental acrylic was used to fix the implanted connec-
tor in place and the scalp incision was sutured around the
implant. Post-op analgesics were administered while the ani-
mal recovered. After 7 days, the animals were adjusted to
handling and brief restraint. For each session, the animal was
lightly restrained, the protective cap was removed, and the
fiber optic was inserted. The animal was then placed in a box
for behavioral testing. After the session, the fiber was discon-
nected, the protective cap was put in place, and the animal was
returned to the home cage.

The foregoing is illustrative of the present invention and is
not to be construed as limiting thereof. Although a few exem-
plary embodiments of this invention have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such modifica-
tions are intended to be included within the scope of this
invention as defined in the claims. Therefore, it is to be under-
stood that the foregoing is illustrative of the present invention
and is not to be construed as limited to the specific embodi-
ments disclosed, and that modifications to the disclosed
embodiments, as well as other embodiments, are intended to
be included within the scope of the appended claims. The
invention is defined by the following claims, with equivalents
of the claims to be included therein.

That which is claimed is:
1. A connecting system comprising:
an implantable base unit having an implantable housing
with an externally accessible annular magnetic portion
defining an opening therein and an implantable optical
fiber in the opening, wherein the implantable base unit is
configured to be at least partially implanted in a subject
such that the externally accessible annular magnetic por-
tion is accessible from an external region of the subject
and the optical fiber is configured to be implanted in the
subject; and
an interface unit releasably coupled to the implantable base
unit, the interface unit having an interface housing with
an annular interface magnetic portion on an external
surface of the interface housing and defining an opening
therein, the interface unit further comprising an interface
optical fiber in the opening of the annular interface mag-
netic portion and extending into the housing, wherein
the annular interface magnetic portion is configured to
engage the externally accessible annular magnetic por-
tion of the implantable base unit to mechanically couple
the implantable optical fiber and the interface optical
fiber,
wherein the interface magnetic portion and the externally
accessible magnetic portion form a rotatable coupling
therebetween to rotatably couple the interface unit to the
implantable base unit such that respective surfaces ofthe
interface magnetic portion and the externally accessible
magnetic portion rotate with respect to one another
while maintaining an optical connection between the
implantable optical fiber and the interface optical fiber.
2. The connecting system of claim 1, wherein the implant-
able optical fiber is configured to optically stimulate a portion
of a brain of the subject.
3. The connecting system of claim 1, wherein the interface
optical fiber is configured to connect to an external light
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source and to provide a light passageway for light from the
external light source to the implantable optical fiber.

4. The connecting system of claim 1, further comprising a
buffer material on the interface unit configured to provide a
buffer region around the interface magnetic portion and the
externally accessible magnetic portion.

5. The connecting system of claim 1, wherein the interface
unit comprises an interface cannula with the interface optical
fiber in the interface cannula.

6. The connecting system of claim 1, wherein the interface
unit comprises an interface cannula with the interface optical
fiber in the interface cannula, the implantable optical fiber is
connected to the interface cannula and is removably inserted
in the implantable cannula, and the implantable cannula fur-
ther comprises an optical window or lens on an end of the
implantable cannula that is configured to transmit light from
the implantable optical fiber to the subject when the interface
unit is connected to the implantable unit.

7. The connecting system of claim 1, further comprising a
removable cover that is configured to be removably received
in the implantable base unit and to cover the implantable
optical fiber when the interface unit is removed from the
implantable base unit.

8. The connecting system of claim 7, wherein the remov-
able cover comprises a magnetic portion that is configured to
mate with the externally accessible magnetic portion when
the removable cover is received in the implantable base unit,
and the magnetic portion of the removable cover is further
configured to mate with a magnetic portion of an extraction
tool so as to remove the removable cover from the implantable
base unit.

9. The connecting system of claim 7, wherein the remov-
able cover comprises a first end configured to be inserted into
the implantable base unit and a second end opposite the first
end, wherein the second end comprises a magnetic portion.

10. The connecting system of claim 9, further comprising
an extraction tool comprising a magnetic portion on an end
thereof that is configured to engage the magnetic portion on
the second end of the removable cover to thereby remove the
removable cover from the implantable base unit when the
extraction tool is moved away from the implantable base unit.

11. The connecting system of claim 1, wherein the implant-
able housing comprises a first implantable housing, the exter-
nally accessible magnetic portion comprises a first magnetic
portion, the opening of the externally accessible annular mag-
netic portion comprises a first implantable unit connecting
member, the interface housing comprises a first interface
housing, the interface magnetic portion comprises a first
interface magnetic portion and the opening of the annular
interface magnetic portion comprises a first connecting mem-
ber,

wherein the implantable base unit further comprises a sec-

ond implantable housing with a second externally acces-
sible magnetic portion and a second implantable unit
connecting member, and

wherein the interface unit further comprises a second inter-

face housing with a second interface magnetic portion
and a second interface unit connecting member, wherein
the second interface magnetic portion is configured to
engage the second externally accessible magnetic por-
tion of the implantable base unit to mechanically couple
the second implantable unit connecting member and the
second interface unit connecting member.

12. The connecting system of claim 11, wherein the first
and second implantable housings are rigidly connected.

13. The connecting system of claim 11, wherein the first
and second interface housings are rigidly connected.

10

20

25

35

40

45

50

55

65

16

14. A connection method comprising:

providing an implantable base unit having an implantable
housing with an externally accessible annular magnetic
portion defining an opening therein and an implantable
optical fiber in the opening, wherein the implantable
base unit is configured to be at least partially implanted
in a subject such that the externally accessible annular
magnetic portion is accessible from an external region of
the subject and the optical fiber is configured to be
implanted in the subject;

providing an interface unit having an interface housing
with an annular interface magnetic portion on an exter-
nal surface of the interface housing and defining an
opening therein, the interface unit further comprising an
interface optical fiber; and

engaging the externally accessible annular magnetic por-
tion of the implantable base unit with the interface annu-
lar magnetic portion of the interface unit to rotatably
couple the implantable optical fiber and the interface
optical fiber, wherein the interface magnetic portion and
the externally accessible magnetic portion form a rotat-
able coupling therebetween to rotatably couple the inter-
face unit to the implantable base unit such that respective
surfaces of the interface magnetic portion and the exter-
nally accessible magnetic portion rotate with respect to
one another while maintaining an optical connection
between the implantable optical fiber and the interface
optical fiber.

15. A connection method comprising:

implanting an implantable base unit in a subject, the
implantable base unit having an implantable housing
with an externally accessible annular magnetic portion
defining an opening therein and an implantable optical
fiber in the opening, such that the externally accessible
annular magnetic portion is accessible from an external
region of the subject and the optical fiber is configured to
be implanted in the subject; and

connecting an interface unit to the implantable unit, the
interface unit having an interface housing with an annu-
lar interface magnetic portion on an external surface of
the interface housing and defining an opening therein,
the interface unit further comprising an optical fiber in
the opening of the annular interface magnetic portion
extending into the housing, wherein the annular inter-
face magnetic portion mechanically engages the exter-
nally accessible annular magnetic portion of the
implantable base unit to rotatably couple the implant-
able optical fiber and the interface unit optical fiber,
wherein the annular interface magnetic portion and the
externally accessible annular magnetic portion form a
rotatable coupling therebetween to rotatably couple the
interface unit to the implantable base unit such that
respective surfaces of the annular interface magnetic
portion and the externally accessible annular magnetic
portion rotate with respect to one another while main-
taining an optical connection between the implantable
optical fiber and the interface unit optical fiber,

wherein the implantable unit comprises an implantable
cannula with the implantable optical fiber in the implant-
able cannula, the method further comprising:

positioning the interface unit optical fiber in the implant-
able cannula to connect to the implantable base unit, the
method further comprising connecting a light source to
the implantable optical fiber to illuminate a region of the
brain.



